Abstract: Zika virus (ZIKV) infection usually presents as a mild and self-limited illness, but it may be associated with severe outcomes. We describe a case of a 30-year-old man with systemic erythematous lupus and common variable immunodeficiency who became infected with both Zika (ZIKV) and Chikungunya (CHIKV) virus during the 2016 outbreak in Rio de Janeiro, Brazil. The patient presented with intense wrist and right ankle arthritis, and ZIKV RNA and virus particles were detected in synovial tissue, blood and urine, and CHIKV RNA in serum sample, at the time of the diagnosis. During the follow up, ZIKV RNA persisted for 275 days post symptoms onset. The patient evolved with severe arthralgia/arthritis and progressive deterioration of renal function. Fatal outcome occurred after 310 days post ZIKV and CHIKV co-infection onset. The results show the development of severe disease and fatal outcome of ZIKV infection in an immunosuppressed adult. The data suggests a correlation between immunodeficiency and prolonged ZIKV RNA shedding in both blood and urine with progressive disease. The results also indicate a possible role for arbovirus co-infections as risk factors for severe and fatal outcomes from ZIKV infection.
Introduction
Arboviruses are among the more important emergent and re-emerging viruses in the world. The infections caused by Dengue (DENV), Zika (ZIKV) and Chikungunya (CHIKV) virus have similar clinical manifestations. Mostly, ZIKV infection lasts 2-7 days and manifests as an asymptomatic to a mild disease. However, ZIKV mono-infection can evolve into a severe and fatal disease in children and adults with increased rates of hospitalizations [1, 2] . Neuropathies, uveitis, thrombocytopenia and, arthritis were previously reported as ZIKV atypical and severe clinical presentations [3, 4] . Nonetheless, risk factors associated with poor disease outcome are still unclear [1] .
In areas with arbovirus co-circulation, there is a great concern in the determination of the precise etiological diagnosis since these conditions have similar clinical manifestations [5] . However, immunological methods for detecting antibodies to ZIKV may show cross-reactivity with other flaviviruses, including DENV, which may hamper accurate diagnosis [6] [7] [8] . Therefore, molecular diagnosis, by detecting the presence of viral genetic material in a clinical sample, is considered the strongest evidence of causality [9] [10] [11] .
Co-infections between two or three of these viruses have been reported in areas with arbovirus co-circulation [5, [12] [13] [14] [15] . Although ZIKV co-infections may evolve like mono-infections, they might also be implicated in progression to severe forms of the disease [2, 16] . In addition, the role of co-infections in virus kinetics and its association to pathogenesis is not understood.
Case Presentation
On 13 May 2016, a 30-year-old male presented with fever (39-40 • C) and headache followed by severe arthralgia and arthritis of both wrists, metacarpal, and phalangeal joints bilaterally, and the right ankle. Around five weeks later, the patient remained with persistent fever. And, amoxicillin-clavulanate was started to treat a lower respiratory tract infection with remission of symptoms although arthralgia/arthritis remained. Early July, the patient evolved again with recurrent fever and severe arthralgia/arthritis associated with loss of joint function without response to non-steroidal anti-inflammatory drugs (NSAIDs), being admitted to the hospital five days post new symptom onset (Figure 1 and, arthritis were previously reported as ZIKV atypical and severe clinical presentations [3, 4] . Nonetheless, risk factors associated with poor disease outcome are still unclear [1] .
Co-infections between two or three of these viruses have been reported in areas with arbovirus co-circulation [5, [12] [13] [14] [15] . Although ZIKV co-infections may evolve like mono-infections, they might also be implicated in progression to severe forms of the disease [2, 16] . In addition, the role of coinfections in virus kinetics and its association to pathogenesis is not understood.
On 13 May 2016, a 30-year-old male presented with fever (39-40 °C) and headache followed by severe arthralgia and arthritis of both wrists, metacarpal, and phalangeal joints bilaterally, and the right ankle. Around five weeks later, the patient remained with persistent fever. And, amoxicillinclavulanate was started to treat a lower respiratory tract infection with remission of symptoms although arthralgia/arthritis remained. Early July, the patient evolved again with recurrent fever and severe arthralgia/arthritis associated with loss of joint function without response to non-steroidal anti-inflammatory drugs (NSAIDs), being admitted to the hospital five days post new symptom onset ( Figure 1 Physical examination showed a temperature of 36.5 • C, redness, warmth, and swelling of left and right wrists and right ankle. Although there were no clinical manifestations of nephropathy, laboratory results showed a slight renal impairment. In addition, he presented anemia, leukocytosis with neutrophilia, lymphopenia and elevated inflammatory markers, such as C-reactive protein (CRP) ( Table 1) . Because septic arthritis by gonococcal infection was initially suspected, ceftriaxone and azithromycin were used in addition to prednisone dose reduction and cyclosporine withdrawal ( Figure 1 ). All hemocultures were negative and synovial liquid (SL) was not accessible by needle aspiration. Ultrasonography showed severe inflammatory joint disease (Table 2 and Figure 2 ). Because the right ankle also presented high inflammatory response, a synovial biopsy was indicated. Tissue fragment showed fibro-adipose overgrowth, hypervascularization and granulation tissue with mono and polymorphonuclear infiltrate and fibrin deposition, still suggesting infectious arthritis. No bacterial, fungal or Mycobacterium tuberculosis infections were detectable by direct examination or culture. However, viral etiology could not be excluded yet. Arbovirus co-transmission increased markedly in Rio de Janeiro in 2016, and the patient's mother and sister had a history of non-laboratory proved Chikungunya virus (CHIKV) and Zika virus (ZIKV) infection, respectively. Arthritogenic arboviruses was then investigated. Molecular diagnosis and ZIKV and CHIKV isolation in cells culture were performed in serum, urine and/or tissue samples. Viral RNA of serum, urine, and tissue were extracted from 250 μL of clinical samples using TRIzol LS Reagent (Ambion Inc, Foster City, CA, USA) according to the manufacturer's recommendations. cDNA synthesis and real-time RT-PCR for detection of CHIKV and ZIKV RNA were performed by GoTaq 1-Step Probe RT-qPCR System (Promega Corporation, Madison, WI, USA) according to the manufacturer's recommendations. The real-time RT-PCR protocol included specific primers and probe sets previously describe [9, 10] . Arbovirus co-transmission increased markedly in Rio de Janeiro in 2016, and the patient's mother and sister had a history of non-laboratory proved Chikungunya virus (CHIKV) and Zika virus (ZIKV) infection, respectively. Arthritogenic arboviruses was then investigated. Molecular diagnosis and ZIKV and CHIKV isolation in cells culture were performed in serum, urine and/or tissue samples. Viral RNA of serum, urine, and tissue were extracted from 250 µL of clinical samples using TRIzol LS Reagent (Ambion Inc, Foster City, CA, USA) according to the manufacturer's recommendations. cDNA synthesis and real-time RT-PCR for detection of CHIKV and ZIKV RNA were performed by GoTaq 1-Step Probe RT-qPCR System (Promega Corporation, Madison, WI, USA) according to the manufacturer's recommendations. The real-time RT-PCR protocol included specific primers and probe sets previously describe [9, 10] . (Table 1 and Figure 1) .
The renal function declined progressively, methylprednisolone pulse therapy and intravenous immunoglobulin (IVIG) were introduced along with mycophenolate. Renal function improved to pre-admission level in addition to a modest clinical and ultrasonographic improvement of the arthropathy (Tables 1 and 2) .
After hospital discharge, the patient had another admission and needed drug adjustment after drug-induced untoward effects. In addition, recurrent arthralgia and joint immobilization correlated with active inflammatory response confirmed by bone scintigraphy, USG and MRI (Table 2 and Figure 2 ).
Both SLE and/or viral-induced disease were investigated. After 275 days post symptoms onset, the patient still presented ZIKV RNA in both blood and urinary compartments (Figure 1 ). The patient died 28 days later of renal failure and pulmonary sepsis.
Discussion
Cases of arbovirus co-infections like ZIKV/DENV, ZIKV/CHIK, DENV/CHIKV, and even triple infections, have become notorious in different arbovirus co-transmission areas [5, [12] [13] [14] . In the Americas, ZIKV fatal infections have been described, but data on their association with immunodeficiency is still limited [17] . Additionally, the role of co-infection in pathogenesis and clinical outcomes is poorly understood. The present work is the first report on ZIKV infection fatal outcome in the presence of CHIKV co-infection, SLE/CVID, and drug-induced immunosuppression. Detection of ZIKV RNA in synovial tissue is also uncommon and might represent a direct effect of ZIKV in the exacerbation of articular manifestations [4] . In addition, prolonged ZIKV viremia and viruria during drug-induced immunodeficiency coincided with the deterioration of clinical manifestations. Previous reports suggest that immune suppression and/or autoimmune disorders could be associated with severe illness [1] .
In the present case, drug-induced decreased host immune response and/or uncontrolled SEL might be involved in disease severity, in combination with an exacerbated viral-induced disease. In this case, CHIKV RNA was also detected in a single serum sample, which could be related to the first onset of arthritic symptoms weeks before hospital admission. CHIKV RNA might persist for longer periods. In our experience, prolonged clinical manifestations are more often associated with ZIKV/CHIKV co-infection that with mono-infection. Although the persistence of ZIKV RNA shedding in different compartments has been described before, no clear correlation with disease progression was established, nor a risk factor determined [18] . In the present study, both co-infection and immunosuppression seem to overlap as risk factors for prolonged and severe clinical disease and persistent RNA in blood and urinary compartments.
ZIKA and CHIKV infections might be associated with the onset or exacerbation of arthralgia/arthritis in individuals with a history of co-morbidities and rheumatological disorders or co-infection and progression to fatal outcomes [2] . RNA sequencing was unavailable, and so ZIKV strain-specific-induced pathogenesis could not be ruled out. In this case, the extent of the role of virus-induced and SLE/CVID-associated pathogenesis in articular and renal disorders is still unclear. Renal function deterioration could result from the direct effect of ZIKV and/or CHIKV infection since renal tissues present virus particles. SLE nephritis could also be the major determinant of the fatal disease once it is related to increased fatality rates. Overall, SLE might cause arboviral co-infection-related morbidity/mortality and vice versa, both decisive in the fatal outcome of a ZIKV infection. 
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